The properties and behaviour of an  colony Ti-6242 alloy have been investigated at 20 o C utilising coupled micro-pillar stress relaxation tests and computational crystal plasticity. The -phase slip strength and intrinsic slip system strain rate sensitivity have been determined, and the -phase shown to have stronger rate sensitivity than that for the  phase. Close agreement of experimental observations and crystal plasticity predictions of micro-pillar elastic-plastic response, stress relaxation, slip activation in both  and -phases, and strain localisation within the  pillars with differing test strain rate, β morphology, and crystal orientations is achieved, supporting the validity of the properties extracted. The -lath thickness is found to affect slip transfer across the  colony, but not to significantly change the nature of the slip localisation when compared to pure -phase pillars with the same crystallographic orientation. These results are considered in relation to rate-dependent deformation, such as dwell fatigue, in complex multiphase titanium alloys.
Introduction
Dual phase (-β) titanium alloys have been widely utilised in aerospace and energy industries owing to their high strength to weight ratio, excellent fracture toughness and corrosion resistance (Banerjee and Williams, 2013; Boyer, 1996) . The mechanical properties of these alloys are strongly affected by their microstructures, which are controlled through thermomechanical processing (Donachie, 2000; Lutjering, 1998; Semiatin, 1998, 1999) .
A key feature of their microstructure is the Burgers orientation relationship (BOR) which defines the crystallographic relationship between the hcp alpha () and bcc beta () phases and is found largely to be invariant (Bhattacharyya et al., 2003) . This, together crystallography and  morphological arrangements, such as in effective structure units (ESU), macrozones or microtextured regions (MTRs), are thought to be important in controlling the mechanical response of these alloys (Bhattacharyya et al., 2003) . A critical factor in the -β titanium alloys is argued to be that of their rate-sensitive response under strain and stress-controlled loading, with the former leading to stress relaxation and the latter to creep, both of which occur even at low (20 o C and lower) temperature and under low stresses (Adenstedt, 1949; Chu, 1970; Neeraj et al., 2000) . The phenomenon of local stress relaxation within a soft grain leading to load shedding onto an adjacent harder grain is argued to be important for cold dwell fatigue in aero-engine components (Bache, 2003; Dunne and Rugg, 2008) , potentially leading to significant dwell debit in component life, resulting from the nucleation of fatigue facets on basal planes (Bridier et al., 2008; Sinha et al., 2006) .
Experimental observations have indicated that slip transfer from  to β phases appears to be anisotropic and crystallographically dependent (Suri et al., 1999) and this is critical in considering key microstructural features that control dwell fatigue in formed aerospace components Creep and rate-sensitive behaviour of dual phase titanium alloys has been found to be dependent on microstructure and  colony structure leading to significant creep variability (Suri et al., 1999) . Creep studies of titanium alloy have been focused mostly on -titanium (Conrad, 1967; Conrad, 1981; Paton et al., 1976; Williams et al., 2002) , but have also included work on -β dual phase alloys (Neeraj et al., 2000; Savage et al., 2004; Savage et al., 2001; Suri et al., 1999) addressing colony structures, and the role of the BOR in affecting  creep response. Ankem and Margolin (1980) have reported that the  phase gave a higher creep resistance than the  phase in a Ti-Mn alloy. More recent studies of the  phase in alloy Ti-6242 showed significant anisotropy in rate-sensitive behaviour depending on crystallographic orientation and slip system activation, and provided intrinsic rate sensitivities of basal and prismatic systems Zhang et al., 2016b) . The creep behaviour of β phase Ti has been investigated in experimental studies from eight independent tests (Schuh and Dunand, 2001 ) because of its relevance to the properties and behaviour of  colonies. The creep behaviour of β titanium was found to follow a typical power-law in stress over 0.5 to 50 MPa, giving strain rates from 10 -7 to 10 2 s -1 over temperature range 900-1300ºC. Unfortunately, information on the creep and rate sensitivity of β phase Ti at temperatures around 20 o C is not available in the literature despite its importance in understanding dual phase Ti alloys.
The direct determination of  phase properties from dual phase titanium alloys such as Ti6242 is challenging since the colony structures comprise  laths which are very thin (~2m or less), thereby making the manufacture of mechanical specimens, eg by FIB of micro-pillar samples, in  alone difficult. Micro-pillar technology allows investigation of creep behaviour using specimens of multiple microns (Choi et al., 2013; Gu and Ngan, 2014; Zhang et al., 2013) and recent studies have utilised micro-pillars for the extraction of -Ti creep properties . This work also made clear the importance of explicit representation of rig, sample base and epoxy substrate effects on stiffness to ensure the extraction of intrinsic -Ti properties, which requires the integration of micro-pillar test with crystal plasticity modelling. Ignoring the contribution of external compliance to the total deformation during stress relaxation potentially leads to a different interpretation of strain rate sensitivity in individual slip systems, as found in Jun et al. (2016b) .
Crystal plasticity modelling affords explicit representation of the micromechanical performance of individual microstructural components and enables the structural response of components to be represented accurately. Ardeljan et al. (2014) used a dislocation density based crystal plasticity model for monotonic large plastic deformations up to 30% in a Zr/Nb (HCP-BCC) two-phase layered composite for the purposes of deformation and texture evolution in both phases. Deka et al. (2006) presented experimentally validated crystal plasticity modelling to analyse constant strain rate and creep tests in compression and tension of polycrystalline Ti-6242. The plastic shearing rate was represented by a power-law relation (Asaro and Needleman, 1985) and a constant strain rate sensitivity was assumed across  phase basal <a>, prismatic <a> and all β systems. The polycrystalline Ti-6242 model incorporated accurate phase volume fractions, as well as statistically equivalent orientation distributions to those obtained from orientation image microscopy scans. This approach was adopted in studying size-dependent yield strength in Ti-6242 (Venkatramani et al., 2007) in which a Hall-Patch type relation was introduced for slip strength such that the strength in each slip system depends on a characteristic length scale. Linear relations were obtained between the yield strength and the inverse square root of characteristic length (i.e. colony size and grain size) and thickness of  phase lath. The size dependent crystal plasticity model was then applied to study creep-induced load shedding in Ti-6242 (Venkataramani et al., 2008) . Recent integrated experimental and crystal plasticity modelling studies Zhang et al., 2016b) have shown that the strain rate sensitivities for  phase basal and prismatic slip systems in Ti-6242 are different. The rate sensitivity and creep properties of the β phase in Ti-6242 remain unknown and this limits use of these properties in dual phase alloys.
In addition, it is also important to understand slip activity during stress relaxation, particularly in relation to load shedding (Dunne and Rugg, 2008; Venkataramani et al., 2008; Zhang et al., 2015) . Slip transfer across the  interfaces, and the role of the BOR, remains an area of importance with slip transmission from one phase to another (Bhattacharyya et al., 2003) dependent upon crystallographic orientation combinations of the α and β phases. Ambard et al. (2001) found that the nature of  slip depends upon  grain morphology with globular grains giving rise predominantly to prismatic slip and colonies leading to more basal activation. The study by Seal et al. (2012) on Ti-5Al-2.5Sn alloy revealed that when neighbouring β phase exhibits a high Schmid factor, slip transfer across the phase boundary was more likely to be observed. The boundaries having
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(0001) /  BOR were not necessarily favourable for  / slip transfer.
The present paper focuses on the behaviour of -β colony structures in -β Ti-6242 alloy.
An coupled micro-pillar and crystal plasticity modelling methodology is utilised in order to extract out the intrinsic properties of the  phase, recognising that this phase may also show strong rate sensitivity even at low (20 o C) temperatures. This is accomplished with existing knowledge of the  phase properties Zhang et al. (2016b) . Experiments and simulations of micro-pillar compression tests have been carried out on  colony structures generating  basal and prismatic slip, and  slip. Displacement hold tests are implemented at strain rates from 210 -3 s -1 to 110 -2 s -1 in order to investigate stress relaxation in the colony structures.
Direct crystal plasticity modelling of the tested samples is used to obtain the β phase properties, including its strain rate sensitivity. With knowledge of the properties of the  and  phases, the Ti-6242 colonies are modelled using crystal plasticity to investigate slip activity, and the inhomogeneous deformation established and direct comparisons with experiments are given. In passing, lattice rotation, and the BOR after deformation are also examined.
Extraction of materials properties using coupled experiments and simulations enables direct determination and validation of the crystal plasticity model which ultimately can be used to represent critical microstructural features within components.
Materials characterization, pillar fabrication and displacement-hold experiments
The material Ti-6242 was supplied by IMR (Institute of Metal Research, China) from forged bar of 20 mm diameter. The initial microstructure in the as-received Ti bar is mostly complex lamellar structure from which it is difficult to extract pillars with regular -β morphology. The thickness of  in the as-received material is ~1.8 m and that in the β is ~0.15 m. The sample material was thus heat-treated to produce -β- colony structures by holding at the temperature β transus +50 °C (i.e., 1040 °C) for 8 h and cooling at a rate of 1 °C/min. As a result, a satisfactory microstructure is obtained with ~3.7 µm α phase lamella and ~0.8 µm wide β phase ligaments. Detailed microstructural information may be obtained from Jun et al. (2016a) . Micro-pillars with square section were fabricated using FIB (focused ion beam) with a width of 2 µm and height of 5 µm as shown in Figure 1 . The locations of  and β phases are indicated in the figure.
Stress relaxation through compressive displacement hold tests is investigated on micro -β pillars in order to determine  phase properties. Results have recently been published for single crystal  phase in the same Ti-6242 alloy, using the same test methodology. The pillars were tested within in-situ SEM using an Alemnis nano-indentation platform, enabling direct observation of crystal slip during deformation where slip bands on the surface are generated. This platform enables a maximum displacement of 35 µm and peak load of 500 mN (significantly more than needed within this study). The compression was imposed by an indenter with a flat punch (10 µm diameter, set on top of a 60° cone) (Jun et al., 2016a) . The pillar dimensions, testing rates, crystal orientations, and pillar volume fractions of β phase are summarized in Table 1 . P1 and P2 pillars have the same crystal orientations in  and β phases, but with differing β volume fractions, with the former having 36% and the latter 16%. These two pillars are taken from the same area as the single crystal
pure -phase pillars tested recently Zhang et al., 2016b) thus having the same crystallographic orientation. This leads to the expectation of similar basal slip to be active in the two -β pillars and in the previously tested pure  phase (A2) pillars. Likewise, the -β P3 pillar in this work has the same  crystallographic orientation as that in the single crystal pure  phase (A3) pillars already tested Zhang et al., 2016b) and giving prism slip. By adopting the same crystal orientation in the  phase for both pure  phase pillars and in the current work's -β pillars, direct comparisons may be made to assess the role of the  phase, in addition to the determination of the β phase properties which, so far as the authors are aware, have not been reported in the literature. The modelling methodology for the -β phase pillars utilises the  phase properties previously extracted from micropillar tests carried out on pure  phase single crystal pillars of similar size . The assumption, therefore, is that the  properties in the  pillars considered in this paper are the same as those obtained for the pure  pillars in the same Ti-6242 material. The size effect due to the -β interface strengthening is a possible factor but it is shown later that no obvious strain hardening is observed in pillars 1 and 2. In addition, the primary focus in this paper is the rate sensitivity of the  phase, for which size effects are unlikely to be important. The phase boundaries are taken to be coherent such that kinematic constraint is maintained (no interface sliding). Note that the -β phase boundary in dual phase titanium has often classified as a semi-coherent boundary due to the presence of BOR relations (Bhattacharyya et al., 2003; Shi et al., 2014) . The variant selection process during heat treatment often leads to minimum interfacial free energy so as to better match the two phases. This is different from an incoherent interface for which easier mobility/sliding is anticipated because there is no lattice plane which is continuous across the interface. The geometric pillar model is established as illustrated in Figure 3 (a) with the external compliance from the titanium base, epoxy glue and testing frame simulated as an elastic block with a width five times that of the pillars. Convergence studies on the mesh size and integration time steps have been conducted in previous studies .
The global coordinate system is taken as in Figure 3 and the front, back and side faces of the pillar are labelled in Figure 3 (b) . This convention is used throughout the current work. 
Crystal plasticity modelling with updated lattice rotation
Rate dependent crystal plasticity is utilised in this study (eg see Dunne et al. (2007) ). The multiplicative elastic-plastic decomposition of the deformation gradient is given by
The plastic deformation gradient evolves at a rate given by
The plastic velocity gradient P L is that associated with plastic flow through a fixed lattice and is given by The plastic spin term is given by the anti-symmetric part of the plastic velocity gradient (giving the contribution to the rotation of principal axes of strain)
so that the crystal orientation may be updated by the lattice spin, given by
where the continuum spin W , is given by the antisymmetric part of the total velocity
where
, and F is the current deformation gradient.
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The rate of crystal plastic deformation is
such that the Jaumann stress rate through Hooke's law is given by
where the deformation rate is
and C is the elastic stiffness tensor.
Finally, the material rate of stress is
where σ is the current stress state.
Therefore the incremental stress is given by
This stress increment is used to determine the increment of plastic strain such that the consistency condition, defined by an implicit time-integration procedure, is satisfied through Newton iteration. Further detail of the evaluation of incremental plastic strain is given in Dunne et al. (2007) .
Coupled  micro-pillar test and crystal plasticity modelling
The elastic anisotropy of the  phase is taken consistently as that given in (Kim and Rokhlin, 2009; Zhang et al., 2016b) and the anisotropic β phase elastic constants from Kim and Rokhlin (2009) . They are listed in GPa and it is noted that this remains within the range of 3-15 GPa published for an cyanoacrylate-based epoxy substrate (Allen, 1984; Ellis and Smith, 2008) . This modulus (7.5 GPa) for the effective substrate is used throughout the -β pillar modelling in this study. There would be negligible tilt (~ 1º) or shift (~ 610 -4 m)
of pillar and titanium base because of sitting on a softer epoxy substrate. The first important step in the crystal plasticity modelling is to ensure that the crystal orientations, shown in The  phase properties are listed in Table 3 ( Zhang et al., 2016b) . The experimentally observed stress-time and stress-strain curves for P1 are utilised with the crystal model to obtain the β-phase properties which are also detailed in Table 3 . Figure 4 shows the corresponding comparison of calculated and measured stress versus time and stress versus strain curves for P2. The close agreement supports the determination of the β-phase properties shown in Table 3 but further detailed analysis of  pillar tests provides additional verification. Two further -β pillars, P2 and P3, with differing crystal orientations, β morphology, and loading strain rates are also compared. study and this has guided our choice, i.e. 5 m -2 = 5x10 12 m 2 in this paper. There is less definitive direct experimental evidence on statistically stored density for titanium and its alloys, although it is well known not to show significant strain hardening; in fact, single crystal response is found to be near perfectly plastic (Hasija et al., 2003 (Conrad, 1967) . The difference arises because the present study is for single crystal alpha titanium of about 5m size whereas the data of Conrad (1967) was from tests on macroscale polycrystal samples. Table 3 shows that the activation volume V  for the β-phase is much smaller than those for basal and prismatic systems in the -phase. A consequence is that the β phase in Ti-6242
shows a stronger rate sensitivity and accordingly more significant creep and load shedding than that for the -phase. The effect of the β-phase in influencing creep behaviour has been reported in a previous study of constant strain rate creep tests on Ti-5%Al-2.5%Sn-0.5%Fe
(Ti-5-2.5-0.5) alloy. Suri et al. (1999) showed that little difference in creep behaviour is apparent for -phase extracted from single colony samples with differing orientation but while having the same Schmid factor, but that remarkable anisotropy was observed in -β samples.
Adopting the front, back and side notation introduced in Figure 3 , Figure 5 shows the micro-pillars P1, P2 and P3 after test with magnified windows to demonstrate the nature of the observed slip fields. Pillars P1 and P2 contain  laths of different size but which are arranged near-parallel to the applied loading. Pillar P3 has morphology such that the  lath is transverse to the loading. In each case, crystal plasticity predicted displacement fields are also shown for comparison. In Figure 5 (a), a predominant wavy near-horizontal slip band in P1 pillar from experiment is visible, which is shown also in the predicted response from the predicted (out of plane) displacement field shown in Figure 5 Pillar P1 was selected from which to determine the β phase properties given in Table 4 since it contains a higher fraction of -phase (at 36%) and is likely to be the pillar whose overall behaviour is most strongly influenced by the  phase. The behaviour of the other two pillars, that is P2 having thinner β but the same form of morphology, and  crystal orientation with P1, and P3 having different  crystal orientation as well as very different morphology, are utilised next in order to assess the ability of the crystal plasticity modelling to capture their behaviours based on the property determination from pillar P1 alone. P1 was tested at strain rate of Based on the β-phase properties determined from pillar P1, the predicted responses of pillars P2 and P3 are shown in Figure 6 (and, of course, in Figure 5 already discussed, together with the experimental measurements). The stress-time and stress-strain behaviour for pillar P2
show excellent agreement with experiment in Figure 6 (a) and (b). Up to 5% strain, the experiments also show close agreement with crystal plasticity predictions in pillar P3 in Figure 8(a) ) much more readily than is the case for the thicker -lath (in Figure 8(b) ). This is very much as was observed in the micropillar experiments shown in Figure 5 , and indicates that the thicker -lath is acting to inhibit slip transfer across from the -phase regions either side of the -lath. Plastic strain developments along horizontal path C-C' in both pillars given in Figure 9 again show the strain accumulation during the displacement hold, and indicate that the magnitudes of plastic strain do not vary greatly across the pillar cross-section. To further demonstrate this point, the 3D effective plastic strain fields are shown in Figure 10 for three pillars for the cases of no -lath, a thin -lath and a thick -lath, all for the same a-phase crystal orientation. The establishment of a (near-horizontal) band of slip on the pillar front face is very significant in the absence of the -lath, but diminishes progressively as the -lath becomes thicker. The first case (with no -lath) is that reported experimentally in Zhang et al. (2016b) and the subsequent two cases with increasingly thicker -laths are drawn from Figure 5 . All pillars have the same  crystal orientation.
Slip trace analysis and slip transfer in -β colonies
In the experiments, slip is seen to penetrate across the  to  phases in the three tested micropillars, as shown in Figure 5 . In Figure 5 (i), pillar P3 shows slip development along a 30 o band in the -phase with an emerging and parallel slip band penetrating through -β interfaces. Hence in this section, slip trace analysis is presented for the two pillars (P1 and P3) with very different β-phase morphological orientations, and this is followed by a discussion of slip transfer criteria in  colonies. Note that in the crystal plasticity model formulation, slip is treated in the continuum sense and therefore transfer is modelled only through adherence to compatibility and equilibrium conditions, and not due to discrete slip transfer phenomena.
Pillar P1 is considered first and example slip accumulation determined from the crystal plasticity model and slip activation determined from experiment are shown in Figure 11 and 12 respectively. The accumulated slip is given for each activated slip system in both the  and β phases. The red lines with circular symbols in Figure 11 indicate the predicted manifestation of active slip planes emerging at the pillar front free surface; that is, the intersecting line between an activated slip plane and the front free surface, where the front free surfaces are shown in Figure 5 where L is the loading direction, m the normal to the front free surface, and g is the current, updated crystal rotation matrix. Note that vectors m, n and L are normalized. Figure 11 shows the accumulated slip in each activated slip system in the (hcp)  phase (a)-(c), and in the (bcc) β phase, (d)-(h). The a 1 system has been activated in the  phase on both sides of the β-lath while the a 2 and a 3 systems show less activity. The in-sets in Figure   11 show the predicted intersections (red lines) of the slip systems with the free pillar surface.
The a 1 and a 2 systems generate the same intersecting line on the front free surface of the pillar since they share the same plane normal. The b 1 and b 2 slip systems in the β-lath dominate the slip, as shown from the crystal plasticity modelling in Figure 11 Figure 13 and 14. In Figure 13 (a) and (b), the a 1 slip system has been activated in the -phase both above and below the transverse -lath. In addition, the a 2 slip system has also been activated at the top region of the pillar. The activation of slip in the β-phase appears to be much less significant than that in the -phase and this is apparent in Figure 13 (c) to (g). 
Slip transfer criteria for  colonies
Crystal geometric alignment is known to be important in slip transfer in titanium (Guo et al., 2014) . For example, the Werner and Prantl criterion (Werner and Prantl, 1990 ) is written
where n is the slip plane normal and b the Burgers vector. The differing Burgers vectors from incident to transmitted slip result in a residual Burgers vector remaining at the grain boundary.
In the three pillars studied, P1 and P2 have the same crystal orientation in the  and β phases respectively, such that basal slip is activated in the  phase, but the β phase is of different thickness in the two pillars. The latter has earlier been shown to influence the apparent strength of the slip penetration across the -phase, but not to change the activated slip systems in the β phase in either pillar. The third pillar P3 has different  crystal orientation and prismatic slip is active. An analysis has been carried out to assess all of the possible -phase slip systems in relation to the  slip activation in the current pillar analysis and the results are summarised in Table 4 . It is found from Table 4 that the observed activated b i slip system in the β-phase is the one whose normal is best aligned with the corresponding normal of the adjacent active -phase a i slip system. That is, the combination of  and  slip system normals giving rise to the smallest misorientation angle, , among all the slip system combinations correlates with the slip activation observed in the -phase.
However, the active  slip system is found not to be that with the highest global Schmid factor for the case of pillars P1 and P2 (though it is for pillar P3), where the global Schmid factor is given by resolving the remote uniaxial loading vector into the activated slip plane.
These findings are in accord with the recent results by Guo et al. (2014) in that the alignment factor M takes the priority in governing slip transfer though both M and Schmid factor could play roles in this event. Note that their results were based on single  phase commercialpurity titanium. The importance of good alignment of grains for slip has also been shown in developing or inhibiting adiabatic shear bands (Zhang et al., 2016a) . Slip transfer was found (Savage et al., 2004) to be encouraged with good alignment of   a prismatic or   a pyramidal slip systems. TEM studies by Savage et al. also showed that the -β interface in Ti-6242-0.1Si provided little impedance to slip for the slip system with the smallest misorientation between dislocations in two phases. Both geometrical alignment and Schmid factor are potentially significant for slip transfer, since they govern the magnitude of resolved shear stress acting on a given slip system. The results obtained suggest that the geometrical alignment/misorientation takes precedence over Schmid factor in the slip transfer criterion.
There are a number of grain boundary slip transfer criteria available in the literature (Bieler et al., 2014) . Geometrical criteria, including that of Werner and Prantl, appear to be favoured, and have been verified by many researchers independently (Guo et al., 2014; Savage et al., 2004; Suri et al., 1999) .
Slip transfer across phase boundaries, however, is less clear, since the burgers vector differs in the two phases, and mobility across phase boundaries is apparently different to that for a grain boundary shared by two grains of the same phase. Suri et al. (1999) reported that two Ti-5-2.5-0.5 (Ti-5%Al-2.5%Sn-0.5%Fe) colony structures, complying with the BOR relation in the -β phases, had different slip transfer behavior. One had Schmid factors of 0.5 in both -prismatic and β phases and the other 0.5 in -prismatic and 0.48 in β phases. The former -β interface provided little resistance to slip transmission from  to β and the latter showed dislocation pile-up at the -β interface. They found that in the first case, the active slip systems in  and β phase had relatively small misalignment. Therefore the required residual interfacial dislocation for slip transmission event was much smaller in the former than that in the latter case. Savage et al. (2004) found similar easy slip transmission in Ti-6242 colonies which had BOR relations in  and β orientations. Non-planar slip within the β phase was likely to cause more difficult slip transmission from the β phase back into the  phase. Suri et al. (1999) proposed that a geometrical based slip transmission could be general through -β interface exhibiting BOR relations, such as Ti-Al, Ti-Mn (Greene et al., 1996) , and Ti-V (Greene et al., 1996) based alloys.
Lattice rotation at -β phase boundary and Burgers orientation relationship
Crystallographic relationships in heat-treated -β titanium are known to comply with the Burgers orientation relationship. However, it has been shown that the relationship may not necessarily be maintained during deformation (Mironov et al., 2009 ) because of crystal reorientation with straining. The lattice rotation in each phase is therefore important to understand deviations from the BOR and the evolution of the crystallography in the dual phase alloy. The crystal model and pillar study are utilised in order to assess briefly the potential for deviations from the BOR.
In the crystal plasticity modelling, the crystal orientation is updated based on the lattice spin such that
where g is the current updated crystal orientation and e W is the lattice spin.
The change of lattice orientation is measured by the incremental rotation  as deformation proceeds and may be expressed show that the a 2 (red symbol) and b 2 (purple cross) direction difference of 10.5º before deformation no longer holds after deformation.
The lattice rotation in Figure 15 (a), and particularly at the discontinuity at -β interfaces,
indicates that the BOR may no longer hold. The existence of the BOR has been well documented in dual phase titanium alloys (Bhattacharyya et al., 2003) . However, some studies have indicated that this crystal orientation relationship may be altered during deformation (Mironov et al., 2009) , and this idea is supported by the present study which
shows that the undeformed Burger vector direction relationship between a 2 and b 2 (10.5º) has in fact been violated after deformation, as shown by comparing Figure 15 (b) in the undeformed state with that in (c) after deformation.
Conclusion
The β phase slip strength and rate-dependent properties in Ti-6242 have been determined in this study through coupled micro-pillar stress relaxation testing and crystal plasticity modelling. Investigation of three -β pillars is carried out for which the single crystal  phase strain rate sensitivity has already been determined from related earlier work. The validity of the β phase properties so determined is demonstrated through close comparison of experimental observations and crystal plasticity predictions of micro-pillar elastic-plastic response, stress relaxation, slip activation in both  and -phases, and strain localisation in pillars with differing test strain rate, β morphology, and crystal orientations. The -phase is shown to undergo slip which, as for the  phase, is demonstrated to be rate sensitive at 20 o C.
Considering the intrinsic slip system activation energies, which control their respective rate sensitivities, it has been found that the -phase shows the strongest rate sensitivity, followed by that for  basal, in turn followed by the  prism systems with respective active energies of 0.33, 0.42, 0.56eV. The -phase slip strength (280 MPa) is not notably different to that for either prism or basal -slip at 20 o C, and the former and latter results suggest that depending upon morphological and crystallographic arrangement, the -phase may not act as a significant barrier to straining in the adjacent-phase regions.
However, during stress relaxation, the β phase is revealed to impede the slip transfer within the  colony from the  phase through the  lath and on to the adjacent  region. The impediment to slip is found to increase with β lath thickness and to depend on the geometrical relationship between the adjacent active  and  slip planes. Detailed slip trace analysis suggests that slip transfer across  interfaces is favoured by closely aligned slip plane normals in the adjacent phases, and that global Schmid factors (calculated with reference to the remote loading direction) are not appropriate to determine local slip initiation in either phase. The lattice rotations which occur at the -β interface have been found not to conserve the initial Burgers orientation relationship.
